Background: This study investigated the associations of subjectively and objectively measured physical activity (PA) and sedentary behavior with academic achievement. We further examined whether aerobic fitness, obesity, and bedtime mediate these associations. Methods: This study included 970 children aged 9-15 years (52.3% girls) from 9 schools throughout Finland. Register-based academic achievement [grade point average (GPA)] as well as self-reported and accelerometer-measured PA/ sedentary behavior were assessed during spring 2013. Aerobic fitness (assessed via a maximal shuttle run test), body composition (assessed via bioimpedance analysis), and self-reported bedtime were collected. Structural equation modeling was applied to examine the associations. Standardized regression coefficients are presented. Results: Self-reported PA had a direct positive [β = 0.084; 95% confidence interval (CI), 0.023 to 0.145] and an indirect positive association with GPA through higher aerobic fitness (β = 0.061; 95% CI, 0.033 to −0.087). Accelerometer-based PA was not associated with GPA. Self-reported screen time had an indirect negative association with GPA through later bedtime (β = −0.071; 95% CI, −0.096 to −0.035) and lower aerobic fitness (β = −0.039; 95% CI, −0.059 to 0.019). Nonscreen sedentary time had a direct positive (β = 0.193; 95% CI, 0.101 to −0.289) and an indirect negative association with GPA through lower aerobic fitness (β = −0.040; 95% CI, −0.063 to −0.016). Conclusions: Participating in PA, avoiding excessive screen time, and going to bed earlier may benefit academic achievement.
Globally, children spend extensive amounts of time being sedentary, 1 and only one-third of children are physically active enough to gain health benefits. 2 Accompanying these trends, the rates of childhood overweight and obesity, along with poor fitness, are escalating. 3, 4 These trends have raised concerns about the effects of a physically inactive lifestyle on children's health during maturation and across the lifespan, as physical activity (PA) continues to decrease and sedentary time (ST) continues to increase from childhood to adolescence and adulthood. 5, 6 The association of a physically active lifestyle with learning outcomes has also recently received considerable attention. Previous studies have suggested that excessive screen time 7, 8 and excess adiposity 9, 10 may predict poorer academic achievement (AA), whereas regular PA and higher aerobic fitness 11, 12 benefit AA.
Sufficient sleep has also been related to better AA. 13, 14 The periods of sleep, together with time spent in PA and sedentary behavior (SB), have been suggested to constitute a composite whole, as the time spent in one of these behaviors necessarily displaces time spent in another. 15 Although these behaviors are closely related to each other, the associations with AA have thus far been studied only in isolation or with a partial adjustment for time spent in other activities. To date, there are no comprehensive studies examining associations of PA, SB, sleep, fitness, and obesity with AA in the same model, further accounting for possible indirect associations.
The purpose of the present study was to determine the associations of subjectively and objectively measured PA and SB, including both screen-based and nonscreen-based ST, with AA. We further examined whether PA or SB has indirect associations with AA through aerobic fitness, obesity, or bedtime. We hypothesized that higher levels of PA and lower levels of SB are associated with better AA and that these associations are mediated by aerobic fitness, obesity, and bedtime.
Methods Study Population
This study was conducted in the spring of 2013 as part of a larger study of the national "Finnish Schools on the Move" program. The participants were recruited from 9 primary and lower secondary schools, with a wide geographical representation of Finland. Of the 1710 students from grades 4-7 who were invited to participate in the study, only 970 students aged 9-15 years (52.3% girls) agreed to participate. Those students who participated in this study were more often girls (52% vs 40%), and they ran more laps in 20-m shuttle run test indicating higher aerobic fitness (47 vs 42 laps) compared with their nonparticipating classmates. Both the students and their guardians gave written informed consent to participate. The study protocol was approved by the ethics committee of the University of Jyväskylä. visual arts; music; and physical education. The grades refer to numerical assessment on a scale of 4-10, where 4 denotes a failure and 10 denotes excellent knowledge and skills. Grade point averages (GPAs) were calculated as a mean of the individual grades to indicate overall AA in the analysis.
Self-Reported PA, SB, and Bedtime
Children completed a web-based questionnaire. They evaluated their moderate to vigorous PA (MVPA) by describing how many days they were physically active for a total of at least 60 minutes per day during a typical week. The response categories were as follows: 0 day, 1 day, 2 days, : : : , 7 days. A short description of MVPA and examples assisted in answering the question. 16 Children evaluated their screen time by reporting how many hours a day they usually (1) watch television (including videos, YouTube or similar websites, and DVDs) 17 ; (2) play computer or video games (not including exergames) 17 ; and (3) use time for keeping in touch with others via social media (eg, e-mail, chat, Twitter, Facebook) in their free time on weekdays and weekends separately. The response options were as follows: not at all, about half an hour per day, about an hour per day, about 2 hours per day : : : about 5 hours per day or more. Total daily screen time variable is a weighted mean of 3 screen time questions (1)-(3) during weekdays and weekend days. Children reported their typical bedtime on nights when they have to go to school the next morning. The response options were as follows: no later than 21:00, 21:30, 22:00, . . ., 02:00, or later. Test-retest agreement for self-reported MVPA has been good (intraclass correlation = .74); for screen time questions, moderate to substantial (intraclass correlation = .54-.74); and for bedtime, good (intraclass correlation = .75). 16 Accelerometer-Based PA and ST PA and ST were assessed with GT3X+ and wGT3X+ accelerometers (ActiGraph, Pensacola, FL). Participants were instructed to wear a monitor on the right hip during waking hours for 7 full consecutive days, except while bathing or doing other water-based activities. Data were collected in raw 30-Hz acceleration standardly filtered and converted into 15-second epoch counts. A customized Visual Basic macro for Excel software was used for data reduction. Readings including ≥500 minutes per day on 3 days or more of measured time between 07:00 and 23:00 were required for a valid monitoring period. 18 Nonwear time was defined as periods of 30 minutes of consecutive zero counts. 19 Over 20,000 counts per minute data were ruled out as spurious accelerations. 20 Evenson et al's 21 cut points were used to calculate MVPA (≥2296 counts per minute) and ST (≤100 counts per minute). Accelerometerbased ST was expressed as a percentage of daily registration time.
Aerobic Fitness, Body Fat Percentage, and Stage of Puberty
Aerobic fitness was measured with a maximal 20-m shuttle run test following the Eurofit protocol 22 with slight modifications to number of laps per stage. The number of 20-m trials that the children were able to keep up with an accelerating pace was used to indicate the level of aerobic fitness in the analyses. Body composition, especially body fat percentage, was measured via a body composition analyzer InBody 720 (InBody, Seoul, South Korea). Children's stage of puberty was determined via the self-assessment questionnaire and categorized according to the Tanner puberty stage. 23 
Confounding Factors
A parent or guardian of each child completed a web-based questionnaire and assessed the child's potential learning difficulties by answering the following question: "Does your child have any diagnosed learning difficulties?" (categorization: 1 = yes and 0 = no or do not know). The parent or guardian reported the level of mother's education (categorization: 1 = tertiary level education and 0 = basic or upper secondary education).
Statistical Analyses
The descriptive statistics were calculated using SPSS 20.0 for Windows (SPSS Inc, Chicago, IL), and all further analyses were conducted using Mplus statistical package (version 7). 24 The descriptive statistics are presented as means and standard deviations or percentages (%). Differences in the study variables between girls and boys were tested via Student's t test or Pearson's chi-square test. The sample correlation coefficients were estimated and tested for significance.
The reciprocal associations among the variables were studied via structural equation modeling. All the regressions were adjusted for potential confounding variables. First, the associations of PA and SB variables with GPA were studied. To extract nonscreen ST from accelerometer-measured ST, a Cholesky factoring of the predictors was applied. 25 Cholesky factoring allows a residual from a regression model to be an explanatory variable for further modeling. Two latent variables were created: self-reported screen time and nonscreen ST representing the accelerometer-measured ST, from which the variation explained by the self-reported screen time is excluded. GPA was regressed simultaneously on the PA, screen time, and nonscreen ST.
Second, the proposed mediator variables, including aerobic fitness, body fat percentage, and bedtime, were entered into the model. The indirect associations of interest were calculated and tested for significance. As the data were clustered within classes, the standard errors of the parameter estimates of the models were calculated using the special feature of Mplus (TYPE = COMPLEX).
Missing data were assumed to be missing at random. The correlations and the parameters of the models were estimated using the full information maximum likelihood method with robust standard errors. Full information maximum likelihood produces unbiased parameter estimates under missing at random. The Satorra-Bentler scaled chi-square test, the comparative fit index, the Tucker-Lewis index, the root mean square error of approximation, and the standardized root mean square residual were used to evaluate the goodness of fit of the models. The model fits the data well if the P-value for the chi-square test is nonsignificant, comparative fit index and Tucker-Lewis index values are close to .95, the root mean square error of approximation value is below .06, and the standardized root mean square residual value is below .08. 26 If the model did not fit the data adequately well, modification indices were examined.
Results
Sex-specific distributions and sex differences in observed variables are presented in Table 1 .
Self-reported MVPA was positively associated with GPA [r = .113; 95% confidence interval (CI), .042 to .184], whereas accelerometer-based MVPA was not (r = .021; 95% CI, −.062 to .103). Self-reported screen time was negatively associated with GPA (r = −.294; 95% CI, −.354 to .234), whereas accelerometerbased ST was not (r = .048; 95% CI, −.032 to .128).
Self-reported MVPA was positively (β = 0.141; 95% CI, 0.078 to −0.204), screen time was negatively (β = −0.173; 95% CI, −0.243 to −0.104), and nonscreen ST (β = 0.153; 95% CI, 0.052 to −0.253) was positively associated with GPA after controlling for sex, age, mother's education, and learning difficulties.
The hypothesized path model included indirect paths from self-reported MVPA to GPA through aerobic fitness and body fat percentage; indirect paths from screen time to GPA through aerobic fitness, body fat percentage, and bedtime; and indirect paths from nonscreen ST to GPA through aerobic fitness and body fat percentage. Additionally, direct paths from self-reported MVPA, screen time, and nonscreen ST to GPA were estimated. The model fitted the data well, and the estimation results are presented in Figure 1A and Tables 2 and 3 . Self-reported MVPA had a direct positive (β = 0.084) and an indirect positive association with GPA through higher aerobic fitness (β = 0.060). Screen time had an indirect negative association with GPA through later bedtime (β = −0.066) and lower aerobic fitness (β = −0.039). Nonscreen ST had a direct positive (β = 0.195) and an indirect negative association with GPA through lower aerobic fitness (β = −0.040). Body fat percentage did not mediate the associations of PA or SB with AA. The model explained 36.1% of the variance in GPA. Furthermore, the model was separately fitted for girls ( Figure 1B , Table 3 , and Online Supplementary Table 1) and boys ( Figure 1C , Table 3, and Online Supplementary Table 2 ).
Among girls, the model fitted the data well, after the association between self-reported MVPA and bedtime was additionally estimated (modification indices = 9.08 for the association). Among boys, the model fitted the data well. The associations were relatively similar in all models with few exceptions. Self-reported MVPA had a direct positive association with GPA (β = 0.123) and an indirect negative association with GPA through later bedtime only among girls (β = −0.015). Screen time and body fat percentage had a direct negative associations with GPA only among girls (β = −0.135 and β = −0.140, respectively). The model for girls explained 39.5% and for boys 28.8% of the variance in GPA.
Discussion Main Findings
Our data demonstrated that self-reported PA was positively and screen time negatively associated with AA in children. These associations were mediated by aerobic fitness and bedtime but not by body fat percentage. Furthermore, accelerometer-based nonscreen ST had not only a direct positive association but also an indirect negative association with AA through lower aerobic fitness. Accelerometer-based MVPA was unrelated to AA.
PA and AA
The present results indicate that higher levels of self-reported PA and better aerobic fitness are associated with higher levels of AA, Children self-reported how many days they were physically active for a total of at least 60 minutes per day during a typical or usual week. The response categories were as follows: 1 = 0 day, 2 = 1 day, 3 = 2 days, . . ., 8 = 7 days.
f MVPA was measured with the ActiGraph accelerometer using a cutoff value 2296 counts per minute. g Sedentary time was measured by the ActiGraph accelerometer using a cutoff value 100 counts per minute and expressed as percentage of daily monitoring time (%/d). h State of puberty was measured using the self-assessment questionnaire and categorized accordingly to Tanner puberty stage.
JPAH Vol. 15, No. 2, 2018
Physically Active Lifestyle and Academic Achievementsupporting previous findings. 8, 10, 11, 27 Specifically, in this study, higher aerobic fitness mediated the positive association of selfreported PA and AA among all children. Interestingly, among girls, the direct association between self-reported PA and AA remained after the mediator aerobic fitness was added to the model but disappeared among boys. These results provide partial support for the cardiovascular fitness hypothesis, which suggests that aerobic fitness is a physiological mediator that explains the various mental health benefits of PA. 28, 29 However, there are also studies that have not demonstrated the mediating effect of aerobic fitness. 10, 30 The results of the present study suggest that, among girls, PA may have a positive association with AA independent of aerobic fitness, whereas among boys, the association is dependent on aerobic fitness. The positive association of PA and aerobic fitness with AA may be due to several possible mechanisms. PA and aerobic fitness have been suggested to enhance cognitive functions by inducing functional and structural changes in subcortical structures such as the hippocampus and the basal ganglia, 31 through cortical structures such as prefrontal cortex, 32 by increasing levels of brainderived neurotrophic factor and by enhancing cerebrovascular function. 33 Beside the beneficial effects on cognition, PA may improve academic engagement, 34 self-esteem, 31, 35 and school contentment, 36 all of which predict better AA. Furthermore, motor function may be an important driver in the effects of PA on the cognitive prerequisites of learning. 10 Accelerometer-based MVPA was not associated with AA, supporting previous studies. 8, 37 However, other studies have shown both positive 12, 30 and negative 38 relationships between accelerometer-based MVPA and AA. Observed inconsistencies between accelerometer-based and self-reported PA may be due to the limitations of both methods: children may have difficulties estimating the level of PA and may overestimate their PA compared with objective measures, 39 while accelerometers are not capable of assessing all physical activities such as swimming, cycling, and activities that require lifting any kind of load. 40 Different measurements may also represent different constructs and contexts of PA in association with AA 8 : self-reported PA may assess PA in a wider sense, taking, for example, a skill-specific PA requiring balance and agility as well as social aspects of PA, which typically do not accumulate activity counts. Alternatively, accelerometer-based MVPA may illustrate cardiovascular activity with increased heart rate and respiratory frequency over other forms of PA. Accordingly, capturing children's PA in a wider sense (ie, subjective PA) may have stronger association with AA. Figure 1 -Path diagrams of the models among (A) all children (n = 970), (B) girls (n = 508), and (C) boys (n = 468). Circles denote latent variables created using a Cholesky factoring of the predictors and squares denote observed variables. Standardized regression coefficients (standard errors) are presented. The thicknesses of the lines are proportional to the size of coefficients. CFI indicates comparative fit index; GPA, grade point average; MVPA, moderate to vigorous physical activity; RMSEA, root mean square error of approximation; SRMR, standardized root mean square residual; TLI, TuckerLewis index. *P < .05. **P < .01. ***P < .001.
Interestingly, in this study, self-reported PA also had a negative indirect association with AA through later bedtime among girls. This finding may be explained by differential academic cultures between boys and girls, wherein girls tend to put more effort into their schoolwork, have higher expectations of themselves, 41 and be more vulnerable to internal distress than boys. 42 Performance-oriented girls may feel pressure to succeed in both academics and sports; hence, they spend most of their time doing schoolwork, but still remain physically active and engage in other activities typical for adolescents at the expense of their bedtime. Furthermore, the results may highlight the importance of the timing of exercise. Late evening exercise may induce later bedtimes and attenuate recovery. 43 Research demonstrates that suboptimal sleep and bedtimes impair learning capacity, AA, and neurocognitive functioning. 13, 14 
SB and AA
In line with previous studies, 7, 8 our results showed that recreational screen time is negatively associated with learning outcomes. The Physically Active Lifestyle and Academic Achievementassociation was indirect through later bedtime and lower aerobic fitness. Only among girls, did the direct association remain after the mediating factors were added to the model. Some studies have also reported inconsistent results. 44, 45 These inconsistencies may be explained by the content and context of screen time: Not all screen time has a similar role in benefitting or impairing children's learning outcomes. 46 Our results support the time displacement theory. 47 Even though screen time may not be harmful to AA in itself, excessive amounts of screen time may displace other activities important to cognition and AA such as sleep, homework, or reading. Screen time may also displace time for PA and weaken aerobic fitness, thereby affecting cognition. Screen time offers children intense and sensational experiences, which increases their desire for this kind of SB, and it is incompatible with other behaviors. 47 Additionally, excessive screen time may increase attention difficulties, 48 and school problem behavior such as lower homework completion and negative attitudes toward school, 47, 48 all of which may predict academic failure.
In this study, accelerometer-based nonscreen ST had not only a direct positive association but also an indirect negative association, with AA through lower aerobic fitness. Previous studies have not found an association between accelerometer-based ST and AA. 7, 8 However, in these studies, total ST was used as an independent variable. In this study, applying Cholesky factoring of the predictors enabled us to differentiate the associations of screen time and nonscreen ST with AA. These results suggest that ST also includes activities that may be beneficial to AA, supporting results obtained from self-report data. 7 Some SB may be beneficial to attention and executive functions, 49 which, in turn, are important for AA. 11 However, these results also suggest that higher levels of SB may result in lower aerobic fitness, resulting in worse AA.
Obesity and AA
Obesity has also been suggested to compromise learning outcomes. 9, 10, 50 In this study, only among girls, body fat percentage had a direct negative association with AA, supporting the results of Esteban-Cornejo et al, 9 who found that the association of body fat and AA may be stronger among girls than boys. The authors speculated that obesity may affect girls' self-esteem more strongly than boys', explaining the adverse association between body fat and AA. As physical inactivity may lead to obesity, body fat content may mediate the effects of PA and SB on AA. However, in this study, body fat percentage did not mediate the association of PA, screen time, or nonscreen ST with AA. The present findings partially support those of Davis et al, 51 who reported that PA and obesity may have independent associations with cognition, as shown via measures of AA.
Study Strengths and Limitations
To our knowledge, this is the first study demonstrating the associations of PA, SB, bedtime, fitness, and obesity with AA using a single comprehensive model. Further, instead of hypothesizing that, for example, aerobic fitness underlies both PA and AA, aerobic fitness was assumed to lie on a pathway between PA and AA. If a potential mediating variable was misspecified as a confounding factor, the association of PA or SB with AA would likely disappear, which may cause misleading conclusions. This is also the first study differentiating the associations of screen time and accelerometer-based nonscreen ST with AA. Moreover, we used a large and representative study sample, PA and SB were assessed in various ways, aerobic fitness and body fat were measured, and we used structural equation modeling. This cross-sectional study design limits drawing any conclusions regarding causality. In the future, longitudinal and intervention studies are needed to confirm these results. We did not assess the content of screen time or nonscreen ST, which limits the interpretation of the results. Furthermore, we did not measure sleep duration or quality, only bedtime.
Conclusions
In summary, children who had higher levels of self-reported PA had better aerobic fitness and AA. Additionally, children who had higher levels of self-reported screen time, had later bedtimes, lower aerobic fitness, and poorer AA. However, the accelerometer-based nonscreen ST seemed to include behaviors that may be beneficial to AA. These results highlight the importance of behavioral guidance for physically active lifestyles, not only from a public health perspective but also from a learning perspective, in the modernday sedentary world.
